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ABSTRACT 



A heater core is connected with an engine to receive a 
hot engine-coolant, which operates as a main heater. An 
evaporator in a refrigerating cycle operates as an auxil- 
iary heater. A condenser is connected to an outlet of the 
compressor, and the evaporator is connected to an inlet 
of the compressor. A bypass conduit is provided, one 
end of which is connected to the outlet side of the com- 
pressor and another end of which is connected to an 
inlet side of the evaporator. A expansion valve is dis- 
posed in the bypass conduit. In heating stage, the com- 
pressed hot refrigerant discharged from the compressor 
flows into the bypass conduit. The refrigerant is ex- 
panded by the expansion valve and radiates the heat in 
the evaporator. 

7 Claims, 10 Drawing Sheets 
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FIG. I 
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FIG. 2 




11/02/2001, EAST Version: 1.02.0008 



U.S. Patent Mar. 8, 1994 Sheet 3 of 10 5,291,941 



FIG. 3 
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FIG. 8 
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FIG. 9 

(PRIOR ART) 
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1 2 

AIRCONDmONER HAVING SELECTIVELY BRIEF DESCRIPTION OF THE DRAWINGS 

OPERATED CONDENSER BYPASS CONTROL FIG. 1 is a refrigerating circuit showing a first em- 
bodiment of the present invention; 

BACKGROUND OF THE INVENTION 3 FIG, 2 is a Mollier chart for explaining the first em- 

_ . .... bodiment of the present invention: 

The present invention relates to an air conditioner, FIG. 3 is a chut showing a relationship between the 

especially and «r condiboner used for an automobile. Mlctioo re ^ ^ | ompressillg power of the 
Japanese Patent 57-47829 shows a conventional air 



compressor: 

conditioner, wherein an evaporator is defrosted by a 10 pio. 4 is a refrigerating circuit showing a second 
gas-phase refrigerant which is at a high temperature and embodiment of the present invention; 
under high pressure. When the evaporator is frosted, nG $isn refrigerating circuit showing a third wri- 
the gas-phase refrigerant discharged frpm a compressor bodiment of the present invention; 
is introduced into the evaporator so as to defrost the F IG. 5 ^ t refrigerating circuit showing a fourth 
evaporator. The refrigerant that has flowed through the 15 embodiment of the present invention; 
evaporator is returned to the compressor through an fig. 7 is a refrigerating circuit showing a fifth em- 
accumulator as in the gas-phase process. bodiment of the present invention; FIG. 8 is a refrigerat- 
A conventional air conditioner is equipped with a U g circuit showing a sixth embodiment of the present 
heater core through which a warmed engine coolant invention; 

flows. As shown in FIG. 9, an internal-combustion 20 pj G 9 is a refrigerating circuit showing a conven- 
engine 1 is connected to heater core 3a of heater unit 3 tional apparatus according to the prior art; and 
through an inlet conduit 2 and an outlet conduit 4 on FIG. 10 is a flow chart for explaining the operation of 
which a valve 5 is provided. The heater core 301 is the first embodiment of the present invention, 
disposed downstream of an evaporator 14. whereby air hptah Pn nP^rRTPTTHN nv thf 

introduced by a fan 28 flows through the evaporator 14 25 DE I£5^?jS fSSSi?^ 

and then through the heater core 3a. An electric heater, PREFERRED EMBODIMENT 

a combustion heater or a heat pump is used as an auxil- FIG. 1 shows a refrigerating circuit of a first embodi- 
iary heat source while the heater core 301 is used as a ment of the present invention which is adopted for use 
main heat source. ^ in an automobile. 

The conventional air conditioner shown in Japanese A water jacket of an internal combustion engine 1 is 
Patent 57-47829 is designed to defrost the evaporator by connected to a heater core 301 of a heater unit 3 
use of hot refrigerant, not to increase the heating efii- through an inlet conduit 2 and an outlet conduit 4. A 
ciency. The temperature of the engine coolant is not water-temperature sensor 102 is disposed in the water 
elevated rapidly right after the engine is started, so that 35 jacket to detect the temperature of the engine coolant, 
a long time is required to radiate enough heat from the A valve 5 is disposed on the inlet conduit 2 so as to close 
heater core. inlct conduit 2 when the temperature of the engine 

The conventional air conditioner having the auxiliary coolant is below a predetermined value, 
heat source has further problems as follows. The dec- The refrigerating cycle of the air conditioner 6 is 
trie heater consumes a lot of electric energy; the com- 40 comprised 10 of a compressor driven by the engine 1, a 
bustion heater has a safety hazard; and the heat pump is condenser 11, a receiver 12, a first expansion valve 13, a 
not operative in cold climates. ^hanger 14 as an evaporator and an accumulator 

15, which are connected to each other in series through 
SUMMARY OF THE INVENTION a main conduit 16. A first electric valve 181 is disposed 

An object of the present invention is to increase the 45 on the main conduit 16 between the compressor 10 and 
heatmgabUityofanair^^ ^condenser A ^ cnd ^* of »^ 

A . . . . . r . * is connected to the mam conduit 16 between the first 

perature and h,gh ; pressure gas^ refngerant compressor 10. A second end 

Anevaporato^ m rf ^ b w £ Mnncctcd t0 thc ^ 

An outiet of a compressor is connected with an outlet of fc M ft fot ion va]vc 13 ^ thc 

a condenser through a bypiu conduit on which an * ^ CTchan 14 ^ b yp*s7conduit 20 is provided 
expansion valve is disposed. The compressor and the ^ % c ion va]vc ^ g ^4 clc ctric 

condenser are connected with each other through a valye m which fa difi ^ |hc ^ ^ m of 

main conduit. At a diverging pomt of the bypass con- ^ bypMS end thc second expansion valve 

duit from the mam conduit, a twitching valve i* j 3 22. A fan 35 is disposed in front of the condenser 11 and 
posed for selecting alternatively a flow through the introduces air toward the condenser 11 for cooling the 
main conduit or a flow through the bypass conduit condenser 11. 

As shown in FIG. 2, when the switching valve opens The pressure of refrigerant flowing in the bypass 
the bypass conduit and closes the main conduit, the hot conduit 20 is 15 Kg/cm 2 or more before expansion by 
gas phase refrigerant discharged from the compressor a th c second expansion valve 22 and is 2-4 Kg/cm 3 after 
10 flows into the bypass conduit and the pressure expansion. When the temperature of air outside is low, 
thereof is reduced by a second expansion valve 22. The the temperature of refrigerant flowing through the heat 
expanded refrigerant flows into a heat exchanger 14 exchanger 14 is also low. In order to obtain enough 
which operates as an evaporator in a refrigerating cy- radiation from the heat exchanger 14, the pressure of 
cle, and radiates heat therefrom. Since the heat is radi- 65 refrigerant before expansion is kept high. In other 
ated from both the heater core and the heat exchanger words, the work of compression of the compressor 10 
14, the total amount of radiation is increased and the should be increased so as to get enough heat from the 
warming ability of the air conditioner is improved. heat exchanger 14. 
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A check valve 24 is disposed on the main conduit 16 In the heating stage, the first electnc valve 181 is 
between the receiver 12 and the first expansion valve 13 closed and the second electric valve 182 is opened The 
for preventing a back flow toward the condenser 11. refrigerant discharged from the compressor 10 flows 
The accumulator 15 accumulates the liquid-phase re- into the bypass conduit 20 and its pressure is reduced by 
frigerant for preventing the flow of liquid back to the 5 the second expansion valve 22 to be a high-temperature 
compressor 10 when the refrigerant is in surplus. and low pressure refrigerant in the gas phase. 

A thermistor 103 is disposed downstream of the heat The expanded refrigerant flows into the heat ex- 
exchanger 14 for detecting the temperature of the air changer 14 and exchanges heat with the air mtroduced 
passing through the heat exchanger 14. A pressure sen- into the duct 26, whereby the air is wanned. The 
sor 104 is disposed in the main conduit 16 between the 10 warmed air flows through the heater core 301, receives 
compressor 10 and the first end 201 of the bypass con- heat from the heater core 301, and is introduced into the 
duit 20 for detecting the pressure of the refrigerant in cabin. 

the main conduit 16. A switching device 101 is used for FIG. 2 is a Molher chart which shows the operation 
inputting a ON-OFF signal of heating or cooling to of the present invention in the beating stage. The corn- 
control unit 100. Control unit 100 receives signals from 1$ pressor 10 compresses the refrigerant so that the pres- 
the water-temperature sensor 102, the thermistor 103, sure of the refrigerant is elevated from Prto P^and the 
the pressure sensor 104 and the switching device 101 enthalpy of the refrigerant is increased. The pressurized 
and controls the operations of the compressor 10, the refrigerant is expanded by the second expansion valve 
first electric valve 181, the second electric valve 182 22, so that the pressure of the refrigerant is dropped 
and the fans 28, 35. from Pa to Pz. without any changes in the enthalpy 

The thermister 103 detects the temperature of the air thereof. The low-pressure and high-temperature refrig- 
downstream of the heat exchanger 14, The control unit erant radiates the heat in the heat exchanger so that the 
100 determines whether the heat exchanger 14 is frosted enthalpy of the refrigerant is decreased, 
according to the signal of the thermistor 103. When the The compressing work of the compressor 10 repre- 
control unit 100 determines that the heat exchanger 14 23 sented by the increment of the enthalpy and the pres- 
is frosted, the control unit 100 transmits a signal to stop sure is converted into heat which is radiated by the heat 
the compressor 10. After the compressor 10 is stopped, exchanger 14. As shown in FIG. 3, it is preferable that 
the heat exchanger 14 is defrosted by air passing the pressure Pjyis over 15 Kg/cm* while the pressure 
through the heat exchanger 14. When the control unit Pi is 1 Kg/cmM Kg/cm* so as to acquire enough 
100 determines that the heat exchanger 14 is defrosted, 30 enthalpy. m 
the compressor 10 is driven again. When the heat ex- Since the compressor 10 is driven by the engine 1, the 
changer 14 radiates the heat in the heating stage, the load oftheengmel is increased to dnve the compressor 
compressor 10 is always driven. 10. The heat generated in the engine 1 is transferred to 

The pressure sensor 104 detects the pressure of the the engine coolant and is radiated in the heater core 301. 
refrigerant discharged from the compressor 10. When 35 The air flowing in the duct 26 is warmed by the heat 
the pressure detected by the pressure sensor 104 is out . exchanger 14 and the heater core 301. 
of the proper range, the control unit 100 transmits a When the air conditioner is not in operation, the first 
signal to stop the compressor 10. When the pressure electric valve 181 is closed and the second electnc 
detected by the pressure sensor 104 is in the proper valve 182 is opened, so that the refrigerant does not 
range, the compressor 10 is driven. In the heating stage, 40 flow into the condenser 11 and the receiver 12 and does 
the compressor is always driven regardless of the pres- not stay therein. Therefore, the refrigerant is kept in 
8ure enough amount for circulating through the bypass con- 

The water temperature sensor 102 detects the tem- duit 20 in the heating stage, 
perature of the engine coolant. When the temperature The operation of the present embodiment in the neat- 
of the engine coolant is above a predetermined value, 45 ing stage is carried out according to the flow chart 
the engine coolant flows into the radiator (not shown) shown in FIG. 10. In step 201, it is determined whether 
so as to radiate the heat therefrom. In the heating stage, the fans 28, 35 are on. When the fans 28, 35 are on, it is 
when the control unit 100 determines that the radiator is determined whether an air conditioner switch is on m 
radiating heat, the compressor 10 is stopped according step 202. When the air conditioner .switch is on, it is 
to the signal from the control unit 100. When the water 50 determined whether a heating switch is on in step 203. 
temperature sensor 102 detects that the temperature of When the heating switch is on, it is determined whether 
engine coolant is under the predetennined value, the the pressure of refrigerant is under the predetermined 
compressor is driven again. value. When the pressure of the refrigerant is over the 

The heater core 301 as the main heat source and the predetermined value, the compressor 10 is stopped to 
heat exchanger 14 as the auxiliary heat source are dis- 55 prevent over-load of the compressor 10. When the pres- 
posed in series in a duct 26. The air introduced into the sure of the refrigerant is under the value, it is deter- 
duct 26 by the fan 28 flows though the heat exchanger mined whether the temperature of the engine coolantis 
14 and the heater core 301 toward a cabin of an automo- under the predetennined value in step 205. When the 
bile (not shown). temperature of engine coolant is over the value, the 

In the cooling stage, the first electric valve 181 is 60 compressor 10 is stopped in step 209 since the heater 
opened and the second electric valve 182 is closed. The core 301 radiates enough heat for heating the cabin, 
refrigerant discharged from the compressor 10 flows When the temperature of the engine coolant is under 
through the condenser 11, the receiver 12, the first the predetermined value, it is determined whether a set 
expansion valve 13, the heat exchanger 14 and the accu- temperature is a maximum temperature in step 206. 
mulator 13 and returns to the compressor 10. The heat 65 When the set temperature is at a maximum, the com- 
exchanger 14 operates as an evaporator and deprives pressor 10 is driven and the heat exchanger 14 is oper- 
the air of heat. The cooled air passes through the heater ated as the auxiliary heat source in order to increase the 
core 301 and is introduced into the cabin. heating ability of the air conditioner. When the set ten> 
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perature is not at a maximum, the compressor 10 is not 
driven to save the driving energy. 

In the cooling sUge, when the pressure of the refrig- 
erant discharged from the compressor becomes over the 
predetermined value, the compressor is stopped. When 5 
the pressure of the refrigerant in the heat exchanger 14 
is under the predetermined value, the compressor 10 
stopped to prevent frosting of the heat exchanger 14. In 
the heating stage, however, even when the pressure of 
the refrigerant in the heat exchanger 14 is under the 10 
predetermined value, the compressor 10 is driven to 
introduce the hot refrigerant into the heat exchanger 14. 

In the present embodiment, the heat exchanger 14 
may be disposed downstream of the heater core 301. 
The check value 24 may be replaced by an electric 15 
valve. A thermostat may be used instead of the thermis- 
tor 103. 

Another embodiment of the present invention is 
shown in FIG. 4. An expansion valve 30 is disposed in 
the main conduit 16 between the second end 202 of the 
bypass conduit 20 and the heat exchanger 14. The ex- 
pansion valve 30 corresponds to the first expansion 
value 13 and the second expansion value 22 of the previ- 
ous embodiment. The remaining structure is similar to 
that of the previous embodiment. 

FIG. 5 shows a third embodiment of the present 
invention. An expansion valve 32 is provided between 
the accumulator 15 and the compressor 10. Even if the 
load of the compressor 10 is varied, the pressure of the ^ 
refrigerant in the heat exchanger 14 is maintained in a 
proper range by the expansion valve 32. 

FIG. 6 shows a fourth embodiment of the present 
invention. The expansion valve 30 is disposed upstream 
of the heat exchanger 14 and the expansion valve 32 
This embodiment includes advantages of the second 
embodiment and the third embodiment. 

FIG. 7 shows a fifth embodiment of the present in- 
vention. A second bypass conduit 33 is provided, one 
end of which is connected to the bypass conduit 20 40 
upstream of the expansion valve 22 and the other end of 
which is connected to the main conduit 16 between the 
accumulator 15 and the compressor 10. An expansion 
valve 34 is disposed in the second bypass conduit 33. 
The expansion valve 34 controls the amount of refriger- 
ant flowing through the second bypass conduit 33 for 
controlling the heating ability of the heat exchanger 14. 

FIG. 8 shows a sixth embodiment of the present in- 
vention. In this embodiment, a heat exchanger 36 for 
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first second electric valves 181, 182 can be replaced by 
a three-way valve. 
What is claimed is: 

1. An air conditioner comprising: 
main heating means for heating air passing there- 
through; 

compressor means for compressing a refrigerant and 
discharging said compressed refrigerant therefrom; 
condenser means for condensing the refrigerant dis- 
charged from the compressor and for discharging 
condensed refrigerant therefrom; 
a heat exchanger receiving the discharged condensed 
refrigerant; 

first pressure reducing means for reducing the pres- 
sure of refrigerant which flows into the heat ex- 
changer; 

a main conduit which connects the compressor, the 
condenser, the heat exchanger and the pressure 
reducing means to each other; 
a bypass conduit having a first end connected to the 
main conduit downstream of the compressor and a 
second end connected to the main conduit up- 
stream of the heat exchanger, the bypass conduit 
being for introducing the compressed refrigerant 
toward the heat exchanger while bypassing the 
condenser; 

valve means which selectively opens the bypass con- 
duit and the main conduit between the compressor 
and the condenser; 
a check valve disposed in said main conduit between 

said condenser and said heat exchanger; and 
second pressure reducing means disposed in said by- 
pass conduit between said valve means and said 
second end for reducing pressure of compressed 
refrigerant flowing through said bypass conduit; 
the heat exchanger being disposed in such a manner 
that the heat exchanger exchanges heat with air 
which is subsequently heated by the main heating 
means, thereby complimentarily working to aug- 
ment total heat added to the air. 

2. An air conditioner according to claim 1, further 
comprising a duct in which the heat exchanger and the 
main heating means are disposed. 

3. An air conditioner according to claim 1 wherein at 
45 least one of said pressure reducing means is an expan- 
sion valve. 

4. An air conditioner according to claim 1, further 
comprising a third pressure reducing means which is 
disposed in the main conduit between the heat ex- 
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cooling and a heat exchanger 37 for heating are pro- 50 changer and the compressor. 



vided. The cooling heat exchanger 36 operates as an 
evaporator in cooling stage and the heating heat ex- 
changer 37 operates as a heater in the heating stage. The 
remaining structure is similar to that of the previous 
embodiment 

If desired the air conditioner of the present invention 
can be used only for heating. In such a case, the con- 
denser 11, the receiver 12 and the other parts for cool- 
ing are. not necessary. The receiver 12 and the accumu* 



5. An air conditioner according to claim 1, further 
comprising a receiver which is disposed downstream f 
the condenser for receiving liquid-phase refrigerant 
from the condenser and for discharging the liquid-phase 

55 refrigerant to the pressure reducing means. 

6. An air conditioner according to claim 1, further 
comprising a second bypass conduit having a first end 
connected to the first bypass conduit and a second end 



connected to the main conduit between the heat ex- 
lator 15 control the amount of refrigerant circulating in 60 changer and the compressor; and 
the cycle; however, both of them are not always neces- a third pressure reducing means disposed in the sec- 
tary if only one of them can adequately control the ond bypass conduit. 

amount of refrigerant. 7. An air conditioner according to claim 1, wherein 

The heater core 301 may be replaced by a electric the main heating means is a heater core through which 

heater or other heater. The compressor 10 may be 65 an engine coolant flows, 

driven by an electric motor other than the engine 1. The * * • • • 
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